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PT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PT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IROORZV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0RWLYDWLRQVDQG$SSOLFDWLRQV
,Q WKLV SDSHUZH H[SORUH WKH DSSOLFDWLRQRI DQHZFODVV RI VROXWLRQV IURP WKH HTXDWLRQ1RQOLQHDU6FKU|GLQJHU
1/6DQGGHYHORSDQDQDO\WLFDOSURRIIRUWKHJHQHUDWLRQPHWKRGRIWKHVHVROXWLRQV7KLVSURRILVDQH[WHQVLRQDQG
FRPSOHPHQWDWLRQ RI UHFHQWO\ GLVFXVVHG UHVXOWV )DULDV  LQ ZKLFK D FODVV RI VROXWLRQV UHVXOWLQJ IURP QRQ
+HPLWLDQ RSWLFDO V\VWHPV ZHUH SUHVHQWHG $ YDULHW\ RI DSSOLFDWLRQV RI WKH PHWKRG LV SUHVHQWHG LQ WKLV ZRUN LQ
DGGLWLRQ WR LWV SRWHQWLDO QXPHULFDO LPSOHPHQWDWLRQ ,Q WKLV UHJDUG DOWKRXJK WKHPHWKRG FRQVLVWV RI DQ DQDO\WLFDO
PDWKHPDWLFDOPRGHOLQJ LQRUGHU WR LQWURGXFH DSSOLFDWLRQV LQ DGLGDFWLFZD\ZHZLOOPDNH D EULHI UHYLHZRI WKH
PHWKRG DQG WKH VROXWLRQV SUHVHQWHG E\ )DULDV  LQ WKH VHFWLRQ  7KLV UHYLHZ DOVR DLPV WR KLJKOLJKW WKH
QXPHULFDOLPSOHPHQWDWLRQRIWKHSURSRVHGPHWKRGIRUQXPHURXVFRPSOH[RSWLFDOV\VWHPVEXWXQWLOWKHQZHKDGQR
VHULRXV WHFKQLFDO GHPRQVWUDWLRQ RI WKH SURSRVHG DSSURDFK DV ZH SUHVHQW LQ WKLV SDSHU LQ $SSHQGL[ $ ,Q RWKHU
ZRUGVWKLVSDSHUSUHVHQWVDSURRIRIWKHH[LVWHQFHDQGDSSOLFDWLRQRIWKLVFODVVRIVROXWLRQVWKDWZHH[SORUHEHFDXVH
IURPWKHNQRZQDQGH[LVWLQJVROXWLRQVRQHFDQPDSFRPSOH[RSWLFDOV\VWHPVDQGJHQHUDWHQHZVROXWLRQVSURSHUO\
1RQOLQHDUHIIHFWVLQRSWLFDOILEHUVDUHFRPPRQZKHQIRUH[DPSOHLQFUHDVLQJWKHSRZHURIWKHRSWLFDOVRXUFH,Q
WKLVFDVHRSWLFDOQRLVHVXFKDV5DPDQHIIHFWDQG.HUUHIIHFWRULJLQDWHWKHLQWHUDFWLRQRIRSWLFDOILHOGVZLWKPDWWHU
7KHVHHIIHFWVGHSHQGLQJRQWKHLUWHFKQRORJLFDODSSOLFDWLRQPD\EHXQGHVLUDEOH,QRXUZRUNZHGLVFXVVRQHVHWRI
VROXWLRQV IRURSWLFDO ILHOGVZKRVHQRQOLQHDUHIIHFWVFDQEHXVHG WRVXSSUHVVFHUWDLQSURSDJDWLRQPRGHVKDUPIXO WR
WHFKQRORJLFDODSSOLFDWLRQV2QSURSDJDWLRQRIVLJQDOVHJ WKH.HUUHIIHFWFDQEHDIDFWRU UHSUHVHQWLQJ WKH ORVVRI
RSWLFDO VLJQDO DQG LQ WKLV VHQVH XVLQJ WKH VROXWLRQV SUHVHQWHG LQ WKLV ZRUN DQ RSWLFDO QHWZRUN FDQ EH VSHFLDOO\
GHVLJQHGWRVXSSUHVVWKHGLVWRUWLRQRIWKHRSWLFDOVLJQDOE\WKH.HUUHIIHFW7KHILEHURUJURXSRIRSWLFDOILEHUVFDQEH
GHVLJQHGVRWKDWWKHGLVWRUWLRQRIRSWLFDOVLJQDOVWKURXJKQRQOLQHDUHIIHFWVLVHOLPLQDWHG,QDQRWKHUSHUVSHFWLYHRXU
PHWKRGFDQEHFRPELQHGZLWKVSDFHGLYLVLRQPXOWLSOH[LQJ6'0DQGQRQOLQHDUFDQFHOODWLRQPHWKRGVWKDWRIIHUWKH
RSSRUWXQLW\ WR UHYHUVH WKHHIIHFWRI.HUUGLVWRUWLRQ7HPSUDQD 7KHPHWKRGGHYHORSHG LQ WKLVZRUNFDQEH
LPSOHPHQWHGWR LGHQWLI\SDWWHUQVRIQRQOLQHDUPRGHVZKLFKFRQWULEXWH WR WKHGLVWRUWLRQRI WKHRSWLFDOVLJQDO LQ WKH
WUDQVPLVVLRQV\VWHP7HPSUDQD
,Q WKLV FDVH WKH Oi SURSDJDWLRQ PRGHV RI WKH RSWLFDO EHDP E\ WKH V\VWHP ZLOO EH FRQYHQLHQWO\ VHOHFWHG DQG
SURFHVVHG LQ WKH WUDQVPLVVLRQ OLQNDV VKRZQ LQ)LJ ,Q6HFWLRQZHZLOOPDWKHPDWLFDOO\GHPRQVWUDWHKRZDQ\
RSWLFDOVLJQDOFDQEHWUDQVIRUPHGFRQYHQLHQWO\LQWRDSSURSULDWHRSWLFDOSXOVH,QRWKHUZRUGVDQ\VLJQRSWLFDOFDQEH
PDSSHGWRDILHOGRULJLQDOO\NQRZQ
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)LJ$UFKLWHFWXUHRIDWUDQVPLVVLRQV\VWHP7KHQRQOLQHDU1/SURFHVVRULGHQWLILHVOI PRGHVDQGUHFWLILHVWKHRSWLFDOGLVWRUWLRQVWKURXJKWKH
SUHSURFHVVHGSDWWHUQVRIVROLWRQV1RQ+HUPLWLDQGLIIUDFWHGE\WKHRSWLFDOQHWZRUN/LNHDQ\VLJQDOFDQEHPDSSHGDVZLOOEHSUHVHQWHGLQ
VHFWLRQWKHSURFHVVRUPD\UHFRJQL]HDQ\RSWLFDOSDWWHUQIURPWKHRULJLQDOVLJQDODVDQRQOLQHDUGLVWRUWLRQRURSWLFDOVROLWRQDQGHOLPLQDWHLW
UHYHUVHLWRUSDVVLWRQ

,VDSSURSULDWHWRSRLQWRXWWKDWWKHPDWKHPDWLFDODSSURDFKLVQHFHVVDU\WRGHWDLOWKHSUDFWLFDOLPSOHPHQWDWLRQRI
WKH UHFRJQLWLRQ DQG SURFHVVLQJ RI RSWLFDO VLJQDOV WKDW FDQ UHDFK WKH RSWLFDO EHDP OHYHO LQ WKHZDYHJXLGH RU DQ\
RSWLFDOQHWZRUN7KLVZRUNLVDWHFKQRORJLFDODSSOLFDWLRQDUHVXOWRIWKHFRQWLQXDWLRQRIDZRUN)DULDVDQG
GHPRQVWUDWHGPRUHULJRURXVO\
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1RQOLQHDU2SWLFDO3XOVHV'\QDPLFV
%DVLFDOO\ WKHQRQOLQHDURSWLFDOG\QDPLFV LVJRYHUQHGE\QRQOLQHDU6FKU|GLQJHU1/6HTXDWLRQ7D\ORU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WKDWFDQEHREWDLQHGIURPWKH0D[ZHOOHTXDWLRQVIRUDFRQWLQXRXVZDYHRSWLFDOEHDPLQDEXONQRQOLQHDUPHGLXP
%HQGHUHWDO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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DQGWKHILHOGu LVUHODWHGWRA7KHHTXDWLRQLVD2+1GLPHQVLRQDO1/6HTXDWLRQWKDWLVRQHSURSDJDWLQJLQz
GLUHFWLRQDQGRQHGLIIUDFWLQJLQWKHx DQGyD[HV,PSRUWDQWO\HTXDWLRQFDQGHVFULEHRSWLFDOVROLWRQVSURSDJDWLQJ
WKURXJK DZDYHJXLGH VXFK DV DQ RSWLFDO ILEHU QRQ+HUPLWLDQ V\VWHPV KDYH EHHQZLGHO\ VWXGLHG LQ WKH TXDQWXP
GHVFULSWLRQRIPDWHULDOVDQGSDUWLFXODUO\QRW+HUPLWLDQRSWLFDOV\VWHPVKDYHUHFHQWO\EHHQH[SORUHG2QHSRVVLEOH
DSSOLFDWLRQRIVXFKV\VWHPVLVWKHVHOHFWLRQRIDFRQGXFWLRQEDQGIURPWKHEDQGVWUXFWXUHRIWKHFU\VWDOQHWZRUNRI
WKHZDYHJXLGH
1RQ+HPLWLDQ2SWLFDO6\VWHPV
7KHGLVFRYHU\RIQRQ+HUPLWLDQREVHUYDEOHVZLWKUHDOVSHFWUXPLQRSWLFDOV\VWHPVPD\SURYLGHDQLPSRUWDQWDQG
XVHIXOUHODWLRQVKLSEHWZHHQWKHFU\VWDOVWUXFWXUHRIDQRSWLFDOV\VWHPDQGPTV\PPHWU\7KLVRFXXUVEHFDXVHHYHQ
QRQ+HUPLWLDQ+DPLOWRQLDQVKDVUHDOVSHFWUDVLQFHWKH\UHVSHFW WKHSDULW\WLPHPTV\PPHWU\7KLVSURSHUW\ZDV
ILUVWXVHGE\0XVVOLPDQLHWDOZKRVHGHVFULSWLRQZLOOEHUHYLHZHGDQGSUHVHQWHGDVIROORZV7KHDFWLRQRIWKH
TP ÖÖ RSHUDWRURQWKH ÖÖ  xVpH  LV
ÖÖÖÖÖ  HxVpHTP      
:HFRQVLGHUDRSWLFDOV\VWHPZLWKPT V\PPHWU\LI  xVxV  

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3.1. Description of PT Optical Systems 
7KHV\PPHWU\PTPD\GHVFULEHDQRSWLFDOV\VWHPDVDODWWLFHVWUXFWXUHRUDZDYHJXLGH)URPWKHIRUPDOSRLQWRI
YLHZWKHOLJKWWKDWSURSDJDWHVWKURXJKDZDYHJXLGHFDQEHGHVFULEHGE\FODVVLFDOHOHFWURG\QDPLFVDQGWKHTXDQWXP
PHFKDQLFVZKLFKVHHPVWRHVWDEOLVKDGHHSUHODWLRQVKLSEHWZHHQWKHP+RZHYHUQRQOLQHDURSWLFDOSKHQRPHQDOHDG
WR WKH VDPH G\QDPLF HTXDWLRQV GHVFULELQJ WKH SURSDJDWLRQ RI TXDQWXP OLJKW LQ VRPH PDWHULDOV PHGLD :H FDQ
H[SORUHWKHRSWLFDOG\QDPLFVRIDEHDPDQGZDYHVSURSDJDWLQJE\DRSWLFDO ODWWLFHZKLFKFDQEHGHVFULEHGE\PT
V\PPHWULF FRPSOH[ SRWHQWLDOV $Q LQWHUHVWLQJ DSSURDFK LQ WKLV GLUHFWLRQ LV DOVR WUHDWHG E\ &KXPDNRY DQG:ROI
7KHRSWLFDOEHDPSURSDJDWLRQFDQEHGHVFULEHGE\WKH6FKU|QGLQJHUOLNHHTXDWLRQ
@> 
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,QWKLVSRLQWLVLPSRUWDQWQRWHWKDWWKHRSWLFDOV\VWHPFDQEHPDSSHGE\WKHEDQGVWUXFWXUHRIWKHRSWLFDOODWWLFHRU
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)URPHTXDWLRQUHVXOWLPSRUWDQWSURSHUWLHVRIRSWLFDOV\VWHPVGHVFULEHGE\V\PPHWU\PTDVWKHVHOHFWLRQRI
SURSDJDWLRQPRGHVOk
Mapping Optical Systems
:H FDQ VKRZ WKDW WKH PT V\PPHWULF FRPSOH[ SRWHQWLDOV FDQ PDS RSWLFDO ODWWLFH VWUXFWXUHV FRQVLGHULQJ WKH
HTXDWLRQZKHUH
WDQKVHFVHF 

 xxhWxWxhVxV    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ZKRVHVROXWLRQFDQEHJLYHQE\
@`>VLQKWDQH[S^VHF  xixh
 PII    
ZLWKO ZKHQV W DQGP W07KHSURILOHVRIWKHSRWHQWLDOVV(x)DQGW(x) DUHVKRZQLQWKH)LJ
DQG)LJEHORZ
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)LJ$VSHFWRISRWHQWLDOV[)LJ$VSHFWRISRWHQWLDOW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$QHZFODVVRI1RQ+HUPLWLDQ2SWLFDO6\VWHPV
7KH DSSOLFDWLRQ RI 1RQ+HUPLWLDQ 2SWLFDO V\VWHPV LQ WKH PRGHOLQJ WKH RSWLFDO ODWWLFHV DQG ZDYHJXLGHV
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FDQEHSHUIRUPHGE\WKHYDULDWLRQDOPHWKRGSURSXVHGE\:LWKDQZKLFKZLOOEHUHYLHZHG
LQWKLVVHFWLRQ,QWKLVDSSURDFKDJHQHUDOL]DWLRQRIWKH1/6HTXDWLRQ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,Q WKLV DSSURDFKD PHFKDQLVP WRGHVFULEHQRQOLQHDUHQRQ+HUPLWLDQ2SWLFDO V\VWHPVFDQEHREWDLQHG)DULDV
VWDUWLQJIURPDJHQHUDODFWLRQJLYHQE\DJHQHUDO/DJUDQJLDQ


  II VL     
ILVSURSRUWLRQDOWRWKHHOHFWULFILHOGDQGVILVWKHRSWLFDOSRWHQWLDORIV\VWHP,QWKLVVHQVHWKHHTXDWLRQFDQEH
ZULWHDV
1372   A.C. Farias /  Physics Procedia  83 ( 2016 )  1367 – 1376 





I
II
d
dV
dx
d     
DQGVROYHGDVIROORZV
³ r  xxV
d
I
I
   
2QWKHRWKHUKDQGWKHVHVDPHVROXWLRQVHPHUJHIURPWKHHQHUJ\FDOFXODWLRQRIRSWLFDOV\VWHPWKDWFDQEHZULWHDV


 ³
f
f »
»
¼
º
«
«
¬
ª
¸
¹
·¨
©
§  
dx
dWW
dx
ddxE II II   
ZKHUH
7KH FRQILJXUDWLRQ WKDW PLQLPL]HV WKH HQHUJ\ RI V\VWHP JLYHQ E\ HTXDWLRQ  LV REWDLQHG E\ IROORZLQJ
GLIIHUHQWLDOHTXDWLRQ
I
I W
dx
d    
+HUH LWZRXOG EH LQWHUHVWLQJ DQ LQYHVWLJDWLRQ LQWR WKH/DJUDQJLDQZKLFKJLYHV ULVH WR WKH HTXDWLRQV RIPRWLRQ
IRXQGE\&KXPDNRYDQG:ROILQWKHFRQWH[WRIWKLVWUHDWPHQWZHSUHVHQW
4.1. Applications of Non-Hermitian Optical Pulses
,Q WKLV VHFWLRQZHZLOO UHYLHZ VRPH LPSRUWDQW VROXWLRQV IURP WKH UHYLVHGPHWKRG LQ WKHSUHYLRXV VHFWLRQV DQG
GLVFXVV VRPH RI WKHLU LPSRUWDQW WHFKQRORJLFDO DSSOLFDWLRQV $V DQ DSSOLFDWLRQ RI WKH PHWKRG ZH FRQVLGHU WKH
QRQOLQHDUDQGQRQ+HUPLWLDQRSWLFDOSRWHQWLDO
  biaW  III   
ZLWKaDQGbEHLQJRSWLFDOSDUDPHWHUVZKRVHVROXWLRQLV
WDQK xiax DDI    
DQG  ab  D 7KHWKHHQHUJ\KDVUHDOVSHFWUXPDVFDQEHVHHQ


 D E   
$QRWKHUH[DPSOHFDQEHVWXGLHGE\WKHQRQOLQHDUDQGQRQ+HUPLWLDQRSWLFDOV\VWHP
biaW  VLQFRV III   
DQGWKHRSWLFDOILHOGLV
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)LJ7KHUHDODQGLPDJLQDU\SDUWVRIRSWLFDOILHOGFRQILJXUDWLRQVRULJLQDWHGIURPQRQ+HUPLWLDQ2SWLFDO3RWHQWLDOV7KHWKLQDQGWKLFNOLQHDUH
WKHUHDODQGWKHLPDJLQDU\FRPSRQHQWVRIRSWLFDOILHOGUHVSHFWLYHO\
,WLVLPSRUWDQWHPSK\VL]HVWKDWDQHZFODVVRI1RQ+HUPLWLDQRSWLFDOV\VWHPVFDQEHJHQHUDWHE\HTXDWLRQ
DQGIURPHTXDWLRQIROORZVWKDW
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,QJHQHUDORQHFDQUHZULWHWKHDERYHHTXDWLRQVLPSO\DVI f(M) tKHQZHFDQWU\WRJHQHUDWHDQHZQRQ+HUPLWLDQ
PRGHOVHH$SSHQGL[$ZLWKUHDOHQHUJ\IURPQRQ+HUPLWLDQPRGHOJLYHQE\HTXDWLRQ,QWKLVFDVHZHFDQXVH
VLQK MM  f   
JHWWLQJWKHQRQ+HUPLWLDQSRWHQWLDO
@@>WDQKWDQKOQ>FRVKVLQK  MMMM  biaW  
ZLWKWKHFRUUHVSRQGHQWVROXWLRQ
@WDQK>VLQK  kaxaiax DM     
,WLVLPSRUWDQWWRQRWHWKDWWKHRSWLFDOILHOGVROXWLRQIKDVDUHDOFRPSRQHQWDQGDQLPDJLQDU\FRPSRQHQW7KH
UHDOFRPSRQHQWUHSUHVHQWVWKHGLIIUDFWHGFRPSRQHQWRIWKHRSWLFDOILHOGDVVKRZQLQ)LJ,QRXULQYHVWLJDWLRQZH
KDYHIRXQGWKDWQRQ+HUPLWLDQRSWLFDOV\VWHPVFDQGHVFULEHRSWLFDOFU\VWDOVWUXFWXUHVDQGRSWLFDOSXOVHVSURSDJDWLQJ
WKURXJKVXFKVWUXFWXUHV
:HFDQREVHUYHWKDWWKHPRGHVRISURSDJDWLRQLQWKHHTXDWLRQGHVFULEHDSDUWLFXODUFRQGXFWLRQEDQGRIWKH
RSWLFDOODWWLFH,QWKLVVHQVHZHFDQGHVLJQDZDYHJXLGHWRDFWDVDQDWXUDOVHOHFWRURIFHUWDLQZDYHOHQJWKV,QVRPH
SKRWRQLFGHYLFHVXVLQJVHQVRUVWRRSWLFDOILEHUIRUH[DPSOHJ\URVFRSHVRSWLFDOQRLVHVIURPTXDQWXPVFDWWHULQJDV
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WKH5DPDQHIIHFWLVXQGHVLUDEOH6RZHFDQGHVLJQDZDYHJXLGHZKLFKVXSSUHVVHVWKH5DPDQSURSDJDWLRQPRGHVLQ
WKHFRQGXFWLRQEDQGRIWKHFU\VWDOODWWLFH
$QRWKHULPSRUWDQWDSSOLFDWLRQRIWKHPRGHOLQJWKDWZHSURSRVHLQWKLVSDSHULVWKDWFHUWDLQTXDQWXPQRLVHIURP
WKHLQWHUDFWLRQRIOLJKWZLWKPDWWHUFDQEHWUHDWHGYHU\HDVLO\DVLVWKHFDVHIRU5DPDQVFDWWHULQJ,QWKLVFDVHWKH
VFDWWHULQJSURSDJDWLRQPRGHDQGLWVLQWHUDFWLRQZLWKWKHFU\VWDOODWWLFHFDQEHPRGHOHGE\WKHSURFHGXUHWKDWZHKDYH
GHVFULEHG7KXVZHFDQVLPXODWHWKHSURSDJDWLRQPRGHVRIDQRSWLFDOSXOVHE\DFU\VWDOOLQHQHWZRUNDQGPDSSLQJ
WKHFU\VWDOOLQHVWUXFWXUHZKRVHLQIRUPDWLRQLVSUHVHQWLQWKHSRWHQWLDORSWLFDOVxDQGWxRIHTXDWLRQE\WKH
V\PPHWU\SDUDPHWHUVSUHVHQWLQPRWLRQHTXDWLRQVGHVFULELQJWKHSURSDJDWLRQRIDQRSWLFDOEHDPWKURXJKDQRSWLFDO
QHWZRUN
,W LV LQWHUHVWLQJ WR QRWH WKDW RXU SURFHGXUH FRYHUV D ZLGH UDQJH RI QRQOLQHDU VFDWWHULQJV ZKLFK DOORZV WKH
QXPHULFDOLPSOHPHQWDWLRQRIWKLVPHWKRGWRUHFRJQL]HDQGPRGHOWKHSDWWHUQVRITXDQWXPQRLVHIURPWKHVFDWWHULQJ
RIOLJKWZLWKPDWWHU
$QRWKHULQWHUHVWLQJDSSOLFDWLRQRIWKHPHWKRGZHKDYHGHYHORSHGLQ6ROLWRQEDVHGFRPPXQLFDWLRQV0ROOHQDXHU
DQG 6PLWK  +DVHJDZD DQG .RGDPD  LV WKDW WKH FU\VWDO ODWWLFH FDQ EH GHVLJQHG VXFK WKDW WKH ON
SURSDJDWLRQPRGHVFDQEHXVHGWRDGMXVWWKHELWVL]HRIWKHVORW7KLVPD\EHSHUIRUPHGRQFHIRUVROLWRQWUDLQLWLV
SRVVLEOHWRUHODWHWKHVROLWRQZLGWKT0ZLWKELWVL]HBDV



TqT
B
B
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
ZKHUHTBLVWKHELWWLPHVORWDQGq0 TBT0LVWKHVHSDUDWLRQEHWZHHQQHLJKERULQJVROLWRQDVVKRZQLQ)LJ



)LJ6ROLWRQELWVWUHDP(DFKVROLWRQRFFXS\LQJDELWVORWFDQUHSUHVHQWELQDU\DQGWKHDEVHQFHRIVROLWRQFDQUHSUHVHQWDELQDU\
&RQFOXVLRQV
,Q WKLV SDSHU ZH KDYH UHYLHZHG D QHZ FODVV RI VROXWLRQV RI 1RQOLQHDU 6FKU|GLQJHUOLNH (TXDWLRQ 1/6 WKDW
UHSUHVHQW SURILOHV RI RSWLFDO EHDPV SURSDJDWLQJ LQZDYHJXLGHV$ LPSRUWDQW IHDWXUH RI WKLV UHYLHZ LV WKH IDFW RI
RSWLFDO V\VWHPV ZLWK PT V\PPHWU\ GHVFULEH RSWLFDO ODWWLFH VWUXFWXUHV 6R WKHVH FODVV RI RSWLFDO V\VWHPV ZKRVH
+DPLOWRQLDQVDUHQRQ+HUPLWLDQWKDWH[KLELWHQWLUHO\UHDOVSHFWUDSURYLGHGWKH\UHVSHFWSDULW\WLPHPTV\PPHWULH
FDQEHDSSOLHGWRPDSDDUUD\RIRSWLFDOVWUXFWXUHV:HKDYHGHPRQVWUDWHGWKDWWKHGLIIUDFWLRQG\QDPLFVRIQRQOLQHDU
RSWLFDOEHDPWKURXJKRSWLFDOODWWLFHFDQEHWUHDWHGE\1/6HTXDWLRQZLWKPTV\PPHWULFSRWHQWLDOVWKDWGHVFULEHWKH
RSWLFDOODWWLFHVWUXFWXUH
7KLVZRUNUHYLHZHGDQGGLVFXVVHGWKHG\QDPLFVRIDQRSWLFDOEHDPSRWHQWLDOWKDWH[KLELWV\PPHWU\SDULW\WLPH
PT DV VKRZQ LQ VHFWLRQ7KHVHSRWHQWLDOV FDQPDS WKH VWUXFWXUHRIRSWLFDOQHWZRUNVZKLFK FDQEH DSSOLHG DV
ZDYHJXLGHV:HUHYLHZHGDQXPEHURISRWHQWLDOVZLWKPTV\PPHWU\ZKRVHVROXWLRQVUHSUHVHQWWKHSURSDJDWLRQRI
DQ RSWLFDO SXOVH WKURXJK DQ RSWLFDO ODWWLFH 7KHVH VROXWLRQV UHVXOW IURP QRQ+HUPLWLDQ +DPLOWRQLDQV GHVFULELQJ
FHUWDLQ RSWLFDO V\VWHPV DQG UHSUHVHQW QRQOLQHDU RSWLFDO SXOVHV SURSDJDWLQJ WKURXJK DQ RSWLFDO QHWZRUN 7KH FODVV
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VROXWLRQV WKDW ZHUH SUHVHQWHG KDV UHDO DQG LPDJLQDU\ FRPSRQHQWV DQG WKHUHIRUH DUH FODVVLILHG DV QRQ+HUPLWLDQ
RSWLFDOSXOVHVZKRVHUHDOSDUWLVWKHGLIIUDFWHGFRPSRQHQWRIWKHILHOGDVVKRZQLQ6HFWLRQZKHUHZHGLVFXVVWKH
DSSOLFDWLRQRIWKHJHQHUDWLRQPHWKRGRIWKHVHVROXWLRQVWRVRPHPRGHOVUHYLHZHG
7KHVHQRQ+HUPLWLDQRSWLFDOSXOVHVPD\EHDSSOLHG LQ WKHGHVLJQRIRSWLFDOQHWZRUNV VXFKDVZDYHJXLGHVDQG
RSWLFDOVHQVRUV7KHVHRSWLFDOSXOVHVFDQEHFRQWUROOHGVLQFHWKH\FDQH[KLELWORZGLVSHUVLRQDQGORZORVVRIHQHUJ\
,Q WKLV VHQVH WKHVHSXOVHVPD\EHDSSOLHG LQ WKH WUDQVPLVVLRQDQGSURFHVVLQJRSWLFDO VLJQDOV IRUH[DPSOHDVZDV
FRQWH[WXDOL]HGLQVHFWLRQ
$QRWKHU LPSRUWDQW IHDWXUH WKDWZHUHYLHZHGDQG LQYHVWLJDWHGRQWKHVHRSWLFDOSXOVHV LV WKHH[LVWHQFHRIDEDQG
VWUXFWXUH UHODWHG WR WKHPHGLXP LQZKLFK WKH EHDP SURSDJDWHV DV VKRZQ LQ VHFWLRQ  7KLV SURSHUW\ DOORZV WKH
GHVLJQRIZDYHJXLGHVDQGRSWLFDOVHQVRUVIRUDSDUWLFXODUSURSDJDWLRQPRGHWKHRSWLFDOEHDP$QRWKHUDSSOLFDWLRQ
ZRXOG EH WKH GHVLJQ RI D VHOHFWLYH RSWLFDO QHWZRUN IRU EHDP SURSDJDWLRQPRGHV$PRQJ RWKHU DSSOLFDWLRQV WKLV
VHOHFWLYH RSWLFDO QHWZRUN FDQ SURFHVV VLJQDOV E\ D ELQDU\ RSWLFDO QHWZRUN EDVHG RQ WZR DOWHUQDWH PRGHV RI
SURSDJDWLRQRIRSWLFDOSXOVHDVGLVFXVVHGLQ6HFWLRQ
)LQDOO\LQ$SSHQGL[$ZHSUHVHQWDULJRURXVSURRIRIWKHUHYLVHGPHWKRGDQGSUHVHQWHGLQWKLVZRUNWRGDWHQRW
SHUIRUPHG 7KLV HYLGHQFH FRQFHUQLQJ WKH H[LVWHQFH RI WKLV QHZ FODVV RI VROXWLRQV PDSSLQJ DQG JHQHUDWLQJ QHZ
VROXWLRQVDQGPRGHOVDQGFKDUDFWHUL]DWLRQRIDQRSWLFDOQHWZRUNIURPGLIIUDFWLQJRSWLFDOEHDP
$FNQRZOHGJHPHQWV
:HWKDQNWKH$UDXFDULD)RXQGDWLRQDQG&13TIRUSDUWLDOILQDQFLDOVXSSRUW
$SSHQGL[$7KH3URRI
$LPSRUWDQWDSSOLFDWLRQRIWKHVHQRQ+HUPLWLDQ2SWLFDOV\VWHPVLVWKDWDQHZFODVVRI1RQ+HUPHWLDQFRPSOH[
SRWHQWLDO WKDW ZH H[SORUH FDQ DULVH QHZ VROXWLRQV DV IROORZV &RQVLGHU WKH HTXDWLRQ  ZULWWHQ LQ IXQFWLRQ RI
WUDQVIRUPDWLRQI fMDVIROORZV
@>

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ZKLFKVKRZVWKDWWKHHQHUJ\VSHFWUXPLVWKDVDPHWRERWKPRGHOVDQGUHDO
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)DULDV$&$-U2SWLFDO6\VWHPV'HVLJQ2SWLFDO'HVLJQDQG(QJLQHHULQJ9,6HSW
7HPSUDQD(HWDO2SW([SUHVV
7HPSUDQD(HWDO2SWLFV	3KRWRQLFV1HZV
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3K\V$/
0XVVOLPDQL=+0DNULV.*(O*DQDLQ\5DQG&KULVWRGRXOLGHV'13K\V5HY/HWW
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
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